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SYSTEM AND METHOD FOR DETECTING
DEFECTS IN A SEMICONDUCTOR DURING
MANUFACTURING THEREOF

CLAIM OF PRIORITY

The present application claims priority from Japanese
patent application JP 2006-174399 filed on Jun. 23, 2006, the
content of which 1s hereby incorporated by reference 1nto this
application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a system, a method, and a
program for detecting a defect of a semiconductor during
semiconductor manufacturing process.

2. Related Art

An electron microscope typified by a scanning electron
microscope (SEM) 1s now essential as a semiconductor pro-
cess evaluation tool. Actually, however, the electron micro-
scope has a limited imnspection field of view because ol 1ts high
magnification as compared with an optical microscope, and it
still takes lots of time and labor for the electron microscope to
inspect an entire surface of a water. Due to these, 1t 1s con-
ventionally general to perform optical defect detection,
extract a portion to be imnspected, at high speed from data on a
position and a magmitude of a defect on the surface of the
waler, and then observe a shape of the defect extracted by the
optical defect detection using the electron microscope. Nev-
ertheless, it 1s unclear how the defect differs 1n shape from a

semiconductor pattern design only by recognizing the shape,
the magnitude, the position and the like of the defect.

To solve the disadvantage, there 1s proposed a method for
classifying a defect by superimposing a defect image
acquired by the electron microscope on a pattern profile based
on layout design data on a semiconductor pattern using CAD
(Computer Aided Design) (hereinafter, “CAD data™), and by
comparing the CAD data with the shape of the defect image

(see Japanese Patent Application Laid-Open No. 2000-
294611).

Generally, 1n the optical defect detection, a portion having
a different shape i1s extracted by comparison of an image
acquired for every chip (die) on a water with an i1mage
acquired from another chip. Since the extracted portion dii-
ters 1n shape from that on another chip, the extracted portion
highly likely includes a defect, e.g., adhesion of a contami-
nation onto the wafer, occurring randomly (hereinafter, “ran-
dom defect”) 1n a semiconductor manufacturing process. The
optical proximity effect (OPE) has a yearly increasing severe
influence on formation of a semiconductor pattern, with the
refinement of the semiconductor pattern. Due to this, a defect
resulting from a pattern layout, a shape of a mask pattern by
optical proximity correction (OPC), or an operating state, an
operating condition or the like of an exposure device tends to
occur. Differently from the random defect, such a defect
(heremaftter, “systematic defect”) 1s difficult to detect by the
optical detection because the systematic defect equally
occurs to each chip.

At present, therefore, a shape of a pattern to be formed on
a waler after exposure under planned conditions 1s simulated
based on design data, exposure condition and the like of a
mask pattern that has been subjected to an OPC processing. A
portion in which a shape difference exceeds a pre-considered
standard 1s detected as an OPC risky region by comparing the
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resulted shape of the pattern from simulation with CAD data,
thereby detecting a portion having a greater risk of occurrence
of a systematic defect.

However, a circuit structure of a semiconductor 1s more
complicated as recent high integration progresses rapidly. In
some cases, a portion that appears to have no adhesion of a
contamination and to be finished 1nto a shape close to that of
the CAD data causes a malfunction. Such a defect often
occurs to, for example, a fine and thin portion 1n which quite
high accuracy 1s required for signal transmission rate and
circuit operation timing during actual operation. It 1s difficult
to extract the defect occurring depending on a fimshing accu-
racy required for circuit operation, by the above-stated
method for detecting a defect only based on the shape.

SUMMARY OF THE INVENTION

The present invention has been made 1n view of the above-
stated circumstances. It 1s an object of the present invention to
provide a system and a method for detecting a defect capable
of extracting a defect occurring depending on a finishing
accuracy required for circuit operation.

To attain the object, according to the present invention, a
critical path on a circuit that 1s required to have severer accu-
racy for signal transmission operation than those of other
portions 1s extracted as a portion to be mspected, based on
circuit design data, and an 1image of the extracted portion to be
inspected 1s acquired using an SEM.

According to the present invention, it 1s possible to extract
a defect occurring depending on the finishing accuracy
required for circuit operation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an exemplary diagram showing an entire configu-
ration of a defect detecting system according to an embodi-
ment of the present invention;

FIG. 2 1s a block diagram showing a schematic configura-
tion of a scanning electron microscope (SEM) employed as an
SEM defect detecting apparatus or an SEM defect review
apparatus included 1n the defect detecting system according
to the embodiment of the present invention;

FIG. 3 1s a block diagram showing schematic configura-
tions of a computer and a server included 1n the defect detect-
ing system according to the embodiment of the present inven-
tion;

FIG. 4 1s a functional block diagram showing an entire

configuration of the defect detecting system according to the
embodiment of the present invention;

FIG. 5 1s a flowchart showing an outline of a processing
procedure performed by the computer included 1n the defect
detecting system according to the embodiment of the present
imnvention;

FIG. 6 1s a flowchart showing a specific procedure of a
defect CAD filtering processing performed by a CAD filter

unit included 1n the defect detecting system according to the
embodiment of the present invention;

FIG. 7 1s a conceptual diagram of region data used 1n the
defect CAD filtering processing pertormed by the CAD filter
unmit included 1n the defect detecting system according to the
embodiment of the present invention;

FIG. 8 1s an exemplary diagram for explaining an analysis
of the positional relationship between a detected defect and a
pattern performed by the CAD filter unit included 1n the
defect detecting system according to the embodiment of the
present invention;
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FIG. 9 1s a flowchart showing a critical path extracting
processing performed by a timing analyzer and a critical path
extractor included 1n the defect detecting system according to
the embodiment of the present invention;

FIG. 10 1s a schematic diagram showing a critical path (see
a dotted line part) extracted by the critical path extractor
included in the defect detecting system according to the
embodiment of the present invention upon a circuit diagram;

FI1G. 11 1s a schematic diagram typically showing the criti-
cal path extracted by the critical path extractor included in the
defect detecting system according to the embodiment of the
present invention upon layout design data;

FIG. 12 1s a flowchart showing an OPC simulation unit
extraction procedure performed by an OPC simulator
included in the defect detecting system according to the
embodiment of the present invention;

FIG. 13 1s a diagram showing contours representing light
intensities used for extraction of OPC risky regions by the
OPC simulator included in the defect detecting system
according to the embodiment of the present invention; and

FIG. 14 1s a schematic diagram showing an example of a
state of extracting the OPC risky regions by superimposing a
predicted shape of the pattern created by the OPC simulator
included in the defect detecting system according to the
embodiment of the present invention upon layout design data.

DETAILED DESCRIPTION OF THE INVENTION

An embodiment of the present invention will be described
hereinafter with reference to the drawings.

1. Overall Configuration of Defect Detecting System

FIG. 1 1s an exemplary diagram showing an entire configu-
ration of a defect detecting system according to the embodi-
ment of the present invention.

The defect detecting system shown in FIG. 1 1s constructed
by connecting an optical detecting apparatus 100 serving as a
defect detecting unit for detecting a position and a magnitude
of a defect on a waler, an SEM defect detecting apparatus 200
serving as a defect image detecting unit for detecting an
image at the defect coordinate position detected by the optical
detecting apparatus 100, an SEM defect review apparatus 300
for mspecting a portion to be mspected on the water that 1s
finally extracted, a server 500 for storing therein necessary
data, and a computer 400 for transmitting and receiving data
and signals to and from the respective apparatuses 1n relation
to extraction of the portion to be inspected, to one another via
a LAN (local area network) 600. Alternatively, a computer
700 used by a semiconductor designer, a client or the like may
be connected to this defect detecting system, and design
information on a semiconductor and a mask pattern or the like
stored 1n the computer 700 may be output to via the LAN 600
(or the Internet on need) and stored 1n server 500.

FIG. 1 shows an example in which the optical detecting
apparatus 100, the SEM delect detecting apparatus 200, the
SEM detect review apparatus 300, the computer 400, and the
server 500 are all constructed separately and connected to one
another via the LAN 600. However, as long as the entire
system 1ncludes desired functions, a functional or structural
definition of each of the apparatuses 1s not limited to a specific
one. For example, if a capacity of storage device of the com-
puter 400 has to spare, necessary databases may be con-
structed 1n the storage device of the computer 400 without
providing the server 500. Furthermore, the optical detecting,
apparatus 100 may be replaced by an electron beam detecting
apparatus. In this case, the SEM defect detecting apparatus
200 may be omitted 11 1t 1s unnecessary. Namely, if the SEM
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defect detecting apparatus can inspect the entire surface of the
waler and acquire a coordinate, an 1image, and the like of the
defect, 1t 1s not always necessary to provide the optical detect-
ing apparatus.

2. Configuration of SEM Detect Detecting Apparatus 200 and
Review Apparatus 300

FIG. 2 1s a block diagram showing a schematic configura-
tion of a scanning electron microscope (SEM) employed as
the SEM defect detecting apparatus 200 or the review appa-
ratus 300.

Referring to FIG. 2, a voltage 1s applied between a cathode
1 and a first anode 2 from a high voltage control power supply
20 controlled by a control processor 40, and a primary elec-
tron beam 4 1s extracted from the cathode 1 with a predeter-
mined emission current. An acceleration voltage 1s applied
between the cathode 1 and a second anode 3 from the high
voltage control power supply 20 controlled by the control
processor 40, and the primary electron beam 4 emaitted from
the cathode 1 1s accelerated and moved to a lens system
arranged 1n a subsequent stage.

The primary electron beam 4 1s converged by a convergent
lens 5 controlled by a lens control power supply 21, from
which unnecessary ranges of the primary electron beam are
removed by an aperture plate 8, and then converged onto a
sample 10 as a micro spot by both a convergent lens 6 con-
trolled by the lens control power supply 22 and an objective

lens 7 controlled by an objective lens control power supply
23.

As the objective lens 7, any one of lenses of various types
such as an in-lens objective lens, an out-lens objective lens,
and a snorkel (semi-in-lens) objective lens can be used. Fur-
ther, a retarding method for applying a negative voltage to the
sample and decelerating the primary electron beam can be
used. Moreover, each of the lenses may be an electrostatic
lens configured to include a plurality of electrodes.

The primary electron beam 4 1s two-dimensionally
scanned with respect to an 1rradiation position on the sample
10 by a scanning coil 9 controlled by a scanning coil control
power supply 24. A secondary signal 12 such as secondary
clectrons generated from the sample 10 by 1rradiation of the
primary electron beam 1s moved over the objective lens 7,
separated from primary electrons by an orthogonal electro-
magnetic field generator 11 for separating the secondary sig-
nal, and detected by a secondary signal detector 13. The
signal detected by the secondary signal detector 13 1s ampli-
fied by a signal amplifier 14, transferred to an image memory
25, and displayed on an 1mage display device 26 as a sample
image. A two-stage deflection coil (an objective lens aligner)
51 controlled by an objective lens aligner control power sup-
ply 31 is arranged at the same position as the scanning coil 9,
and can two-dimensionally control a position (1.e., an obser-
vation field of view) of the primary electron beam 4 on the
sample 10. A stage 15 can move the sample 10 at least in two
directions (X and Y directions) in plane perpendicular to the
primary electron beam.

As the sample 10, a waler 1n a process of manufacturing a
semiconductor product, for example, 1s employed. Alterna-
tively, a resist pattern formed on the waler by lithographic
step may be used as the sample 10.

A pointing device 41 can acquire information on a position
of the sample 1image by designating the position. Image scan-
ning conditions (such as a scanning speed of an electron beam
and the number of accumulated 1mages), designation of a
field-of-view correcting method, image output and storage,
and the like can be designated from an mput device 42.
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Address signals corresponding to a position of the image
memory are generated 1n a control system or a computer
provided separately, and are converted 1nto analog signals,
and the analog signals are supplied to the scanning coil. If the
image memory has, for example, 512x512 pixels, then the
address signal in the X direction 1s a digital signal which runs
from O to 512 cyclically, and the address signal in the Y
direction 1s a digital signal which 1s both incremented by 1
when the address signal 1 the X direction reaches from 0O to
512, and runs from O to 512 cyclically.

Since an address of the image memory corresponds to that
ol a deflection signal for scanming the electron beam, a two-
dimensional image of a detlected region of the electron beam
by the scanning coil 1s recorded 1n the image memory. Signals
in the 1mage memory can be sequentially read in time series
by a read address generation circuit which i1s synchronized
with a read clock. The signal read according to an address 1s
converted into an analog signal and becomes a brightness
modulated signal for the image display device 9.

The apparatus described in the embodiment includes a
function of forming a line profile based on the detected sec-
ondary electrons, reflected electrons or the like. The line
profile 1s formed based on a quantity of detected electrons,
brightness information on the sample 1mage, or the like when
the primary electron beam 1s scanned either one-dimension-
ally or two-dimensionally. The obtained line profile 1s used
for measurement of, for example, a dimension of a pattern
formed on a semiconductor wafer, or the like.

Moreover, the SEM defect detecting apparatus 200 or the
SEM defect review apparatus 300 includes functions of pre-
liminarily storing, as a recipe, conditions (measurement por-
tions, optical conditions of the scanning electron microscope,
and the like) input from the computer 400 when, for example,
a plurality of points on the semiconductor wafer are observed,
and of making a measurement or an observation according to
a content of the recipe.

It has been described that the control processor 40 1s inte-
gral with the scanning electron microscope or quasi-integral
therewith, with reference to FIG. 1. Needless to say, the
coniiguration 1s not limited to the above-stated configuration.
A processor provided separately from the scanning electron
microscope may perform 1ts processings. In this case, 1t 1s
necessary to provide both a transmission medium for trans-
mitting a detect signal detected by a secondary signal detector
to the processor as an 1image and an input/output terminal for
inputting/outputting a signal transmitted via the transmission
medium. Moreover, the SEM defect detecting apparatus 200
or the SEM defect review apparatus 300 includes an mput/
output interface (1/0) 43 for connecting to the LAN 600, the
other apparatus or the like and for transmitting and receiving
signals bidirectionally. In the example of the configuration
shown 1 FIG. 1, the /O 43 of the SEM defect detecting
apparatus 200 or the SEM defect review apparatus 300 is
connected to the LAN 600 and thereby connected to the other
apparatus such as the computer 400 connected to the LAN

600.

3. Configuration of Server 500

FIG. 3 1s a block diagram showing schematic configura-
tions of the computer 400 and the server 300 included 1n the
defect detecting system according to the embodiment of the
present invention. In FIG. 3, the same constituent elements or
constituent elements similar 1n function to those already
shown 1n the preceding figures are denoted by the same rei-
erence symbols, respectively and will not be described.

The server 500 includes a pattern design database 501 for
storing therein layout design data (e.g., CAD data) on the
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semiconductor pattern, a circuit design database 502 for stor-
ing therein circuit design data (e.g., circuit diagrams) on the
semiconductor, an OPC model database 503 for storing
therein design data on a mask pattern that has been subjected
to the OPC processing based on the layout design data or the
like, an OPC risky region database 504 for storing therein
information on OPC risky regions (to be described later)
identified by OPC simulation, a critical path database 5035 for
storing therein graphical data including a risky region 1n
terms of circuit (to be described later) i1dentified based on
information stored in the pattern design database 501 and the
circuit design database 502 or the like, a defect image data-
base 306 for storing therein a defect image acquired by the
SEM defect detecting apparatus 200, and a vield history
database 507 for storing therein a yield history of a semicon-
ductor manufacturing process to be controlled.

A type of each of the CAD data stored 1n the pattern design
database 501 may be a format type with which a graphic (e.g.,
a pattern profile) based on the CAD data can be displayed by
image display software used 1n the computer 400, the SEM
defect detecting apparatuses 200 and 300, and the like. The
CAD data 1s obtained by converting the circuit design data
and related to the circuit design data. It 1s identified 1n advance
which signal transmission path on the circuit design data a
specific graphic on the pattern layout corresponds to. The
yield history stored in the yield history database 507 1s vari-
ous data on a defective lot, such as pattern layout information
(e.g., CAD data) and circuit design data on a semiconductor
determined as a defective product, detected defect informa-
tion (magnitude, position, etc.), a model number of the expo-
sure device, and an exposure condition.

4. Configuration of Computer 400

The computer 400 includes an input/output interface (1/0)
401 for transmitting and recerving signals to and from an
external apparatus, a ROM 402 for storing therein constants
and the like necessary for a program and a processing related
to detection and analysis of a defect of the semiconductor
waler, a calculating unit 410 for performing various calcula-
tion process, a RAM 403 for temporarily storing therein a
calculation result, data on calculation halfway of the calcu-
lating unit 410, and the like, a storage device 404 for storing
therein various data, and an mput/output unit 403 for trans-
mitting and receiving signals to and from a display device 420
such as a monitor, and an input device 403 such as a keyboard
and a pointing device.

The calculating unit 410 1includes a CAD filter unit 411, a
timing analyzer 412, a critical path extractor 413, an OPC
simulator 414, a defect fatality determining unit 415, and an
inspection recipe creator 416.

(4-1) Timing Analyzer

The timing analyzer 412 performs processings for analyz-
ing a signal transmission operation performed in a circuit on
the design when a signal 1s output to the circuit, based on the
information stored 1n the circuit design database 502, and for
extracting a signal transmission path (heremaiter, “critical
path”) for which finishing of the pattern should be emphati-
cally managed because a severer timing accuracy 1s required
than the other regions 1 view of the signal transmission
operation performed 1n the circuit. Information (e.g., net list
data) on the critical path extracted by the processing 1n the
timing analyzer 412 1s temporarily stored in the RAM 403. At
the same time, the information may be stored in the storage
device 404.

(4-2) Critical Path Extractor

The critical path extractor 413 performs a processing for
analyzing which graphic on the pattern layout corresponds to
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the critical path, based on both the critical path extracted by
the timing analyzer 412 and the information stored in the
pattern design database 501. Graphic data including the criti-
cal path on the pattern layout which 1s extracted by the
critical path extractor 413, 1s transmitted to and stored 1n the
critical path database 505. At the same time, the graphic data
may be stored 1n the storage device 404 or the like.

(4-3) OPC Simulator

The OPC simulator 414 performs processings for simulat-
ing a shape of a pattern formed on the watler after exposure,
based on the information stored in the OPC model database
503, the exposure device to be used, the exposure condition
and the like, and for extracting a portion in which a difference
between a predicted shape of the pattern and the shape 1n the
design data exceeds a threshold value, as an OPC risky region,
based on the simulation result. Coordinate data on the OPC
risky region extracted by the OPC simulator 414 or graphic
data on a pattern of the OPC risky region 1s transmitted to and
stored 1n the OPC risky region database 504. At the same
time, the coordinate data or graphic data may be stored 1n the
storage device 404 or the like.

(4-4) CAD Filter Unait

The CAD filter unit 411 performs processings for compar-
ing detected defect information (a coordinate and a magni-
tude of each defect) detected by the optical detecting appara-
tus 100 with the information stored in the pattern design
database 501, and for determining whether or not 1t 1s neces-
sary to inspect each detected defect, based on a positional
relationship between the detected defect and the layout
design data of the semiconductor pattern.

By way of example, a determination by the CAD filter unit
411 as to whether or not 1t 1s necessary to mspect each
detected defect 1s made according to a predetermined rule for
every functional region by classifying functional regions such
as the RAM on the pattern layout, and setting a level of
importance of a defect inspection for every functional region,
¢.g., 1t 1s unnecessary to mspect a defect in a low level-of-
importance region depending on the magnitude of the defect
and 1t 1s necessary to ispect a defect in a high level-of-
importance region even if the defect 1s very small. Alterna-
tively, a determination method may be applicable, which
includes preparing a threshold value for the positional rela-
tionship between each defect detected by the optical detect
detecting apparatus 100 and the pattern, and classifying a
defect that exceeds the threshold value (that has a large
amount of overlap with the pattern) as a defect necessary to
ispect or classitying a defect that causes a specific failure,
¢.g., a defect that straddles a plurality of patterns to cause a
short circuit or the like, as a defect necessary to mnspect.

The positional information and magnitude of each defect
determined to be necessary to inspect by the CAD filter unit
411 1s stored 1n either the RAM 403 or the storage unit 404.
Further, the CAD filter unit 411 creates an SEM 1mage acqui-
sition condition, 1.e., a recipe for the SEM defect detecting
unit 200 (an inspection coordinate, a pixel size, a beam diam-
eter, a beam acceleration voltage, a threshold value for a
detected secondary voltage, and the like), based on the infor-
mation on the po sition and the magnitude of each defect. The
created recipe 1s stored 1n, for example, the RAM 403 or the
storage unit 404, and then transmitted via the LAN 600 to
input to the SEM defect detecting apparatus 200 via the
input/output iterface 43. The control processor 40 acquires
an 1mage of a corresponding portion on the wafer based on the
received positional information of the defect. The acquired

defect image data is transmitted to the defect image database
506 via the LAN 600 and stored 1n the defect image database
506.
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(4-5) Defect Fatality Determining Unat

The defect fatality determinming unit 415 performs process-
ings for reading the defect image acquired by the SEM defect
detecting apparatus 200 from the defect image database 506,
comparing the read defect image with the information stored
in the pattern design database 501, and determining a fatality
of each detected defect based on the positional relationship
between the detected defect and the layout design data on the
semiconductor pattern, and the like. The positional informa-
tion and magnitude information on each defect, extracted by
the defect fatality determining unit 415, are stored in the
RAM 403, the storage device 404 or the like.

As a fatality determining method carried out by the defect
fatality determiming unit 4135, a determining method may be
applicable which includes, for example, preparing a threshold
value for the positional relationship between each defect
image and the pattern, and classifying a defect that exceeds
the threshold value (that has a large amount of overlap with
the pattern) as a fatal defect or classifying a defect that causes
a specific failure, e.g., a defect that straddles a plurality of
patterns to cause a short circuit as a fatal defect.

(4-6) Inspection Recipe Creator

The inspection recipe creator 416 decides a portion to be
ispected to be finally reviewed by the SEM defect review
apparatus 300, based on the defect information extracted by
the defect fatality determining umit 415, the critical path infor-
mation stored 1n the critical path database 505, the OPC risky
region information stored in the OPC risky region database
504, and the like. Furthermore, the inspection recipe creator
416 creates an inspection condition, 1.€., a recipe for the SEM
defectreview apparatus 300 (an inspection coordinate, a pixel
s1ze, a beam diameter, a beam acceleration voltage, a thresh-
old value for a detected secondary voltage, and the like). The
created recipe 1s stored 1n, for example, the RAM 403 or the
storage unit 404 and output to the input/output interface 43 of
the SEM defect review apparatus 300. The SEM defect
review apparatus 300 acquires an 1mage of the designated
portion to be mspected, based on recipe information recerved
via the input/output interface 43. The acquired image data 1s
transmitted to the defect image database 505 via the LAN 600
and stored in the defect image database 505.

A program related to processing procedures for the respec-
tive processing units 411 to 416 constituting the calculating
unit 410 1s stored 1n the ROM 402. The processing procedures
for the respective processing units 411 to 416 will be
described later.

5. Explanation of Operation

Operation performed by the defect detecting system con-
figured as stated above according to the embodiment will be
described below.

(5-1) Outline of Overall Operation

FIG. 4 15 a block diagram of an entire configuration of the
defect detecting system according to the embodiment. FIG. 5
1s a flowchart showing an outline of the processing procedure
performed by the computer 400.

In FIG. 4, the same constituent elements or constituent
clements similar 1n function to those already shown in the
preceding figures are denoted by the same reference symbols,
respectively.

Referring to both FIGS. 4 and 5, the computer 400 repeat-
edly determines whether information (the coordinate and the
magnitude) on each detected defect extracted as a result of the
optical defect detection made by the optical detecting appa-
ratus (defect detecting unit) 100 1s mnput to the computer 400

viathe I/O 401 ata step 110. If 1t 1s confirmed that the detected
defect information 1s iput, the procedure goes to a step 120.
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At the step 120, the computer 400 reads out a program for
the defect CAD filtering processing stored in the ROM 402,
causes the CAD filter unit 411 to filter the detected defect
information inputted at the step 110 according to the program
as will be described later, and extracts a portions to be
ispected by the SEM defect detecting apparatus 200 from
the defects extracted by the optical detecting apparatus 100.
The data on the coordinate and the size of each extracted
defect whose SEM 1mage the SEM defect detecting apparatus
200 1s to acquire 1s stored in the RAM 403 or the storage unit
404.

The procedure goes to a subsequent step 130, at which the
computer 400 creates an 1mage acquisition recipe ifrom the
data on the coordinate and the like of each detected defect
extracted at the step 120, stores the created recipe in, for
example, the RAM 403 or the storage device 404, and outputs
the recipe to the SEM defect detecting apparatus (defect
image detecting unit) 200. When the wafer that has been
ispected by the optical defect detecting apparatus 100 1s
loaded to the SEM defect detecting apparatus 200, the SEM
defect detecting apparatus 200 acquires a defect image in the
designated portion (1.¢., the to-be-inspected portion extracted
at the step 120) according to the mputted 1mspection recipe
corresponding to the wafer.

The procedure goes to a step 140, at which the computer
400 repeatedly determines whether each detected defect
image 1s input to the computer 400 from the SEM defect
detecting apparatus 200 via the I/O 401. I 1t 1s confirmed that
cach detected defect image 1s input, the procedure goes to a
step 150.

At the step 150, the computer 400 outputs the detected
defect image inputted from the SEM defect detecting appa-
ratus 200 to the server 500, to store the detected defect image
in the defect image database 506. At this time, the detected
defect 1mage may be stored not only in the defect image
database 506 but also the RAM 403 and the storage unit 404.

The procedure goes to a step 160, at which the computer
400 reads out each defect image acquired by the SEM defect
detecting apparatus 200 from the defect image database 506,
and reads graphical data (CAD data) of a pattern 1n a coordi-
nate position corresponding to the read defect image, from the
pattern design database 501.

At a step 170, the computer 400 superimposes defect
images read out at step 160 upon the graphical data of the
corresponding portions to the defect images and compares the
positional relationship between them as described later,
thereby extracting to-be-inspected portion candidates the
shape of each of which the SEM defect review apparatus 300
needs to measure. The procedure goes to a subsequent step
180. It 1s to be noted that the coordinate, the magnitude, the
image and the like of the defect determined as a fatal defect as
a result of the defect fatality determination at the step 170 are
stored 1n the RAM 403 or the storage unit 404.

At the step 180, the computer 400 reads out graphical data
(or coordinate data) including a critical path, from the critical
path database 505. At a step 190, the computer 400 reads
graphical data (or coordinate data) on OPC risky regions from
the OPC risky reglon database 504. The critical path data and
the OPC nisky region data are extracted separately by pro-
cessings (to be described later) in the timing analyzer 412, the
critical path extractor 413, and the OPC simulator 414, and
are stored in the critical path database 505 and the OPC risky
region database 504, respectively.

The procedure goes to a step 200, at which the computer
400 reads the image data (or coordinate data) on each defect
determined as a fatal defect at the step 170, from the RAM
403 or the storage unit 404. Further, the computer 400 causes
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the mspection recipe creator 416 to decide a portion to be
inspected by the SEM defect review apparatus 300 and to
create a recipe (already described) for inspection of the
decided portion to be inspected, based on the read fatal defect
data, the critical path and the OPC risky region data, the last
two of which have been read at the step 180 and 190, respec-
tively.

In the embodiment, the mspection recipe creator 416 per-
forms the processing for deciding the portion to be imnspected,
at the step 200 as follows. First, the inspection recipe creator
416 extracts graphical data which includes the critical path
including or overlapping partly with fatal defects (hereimnafter,
“first to-be-inspected portion candidates™), and graphical
data on the OPC risky region including or overlapping partly
with the fatal defects (hereinafter, “second to-be-inspected
portion candidates™). Next, the imspection recipe creator 416
extracts all the graphical data appointed as the first or second
to-be-inspected portion candidate, as final portions to be
ispected.

After the processing 1s completed at the step 200, the
procedure goes to a step 210, at which the computer 400
stores the inspection recipe created at the step 200 in the RAM
403 or the storage umt 404, and then outputs the inspection
recipe to the SEM defect review apparatus 30, to finish the
procedure shown in FIG. 5. As aresult, the SEM defectreview
apparatus 300 acquires an image of each designated portion
according to the inspection recipe, and the shape of each
defect or the like 1s measured based on the 1mage acquired by
the SEM defect review apparatus 300.

(5-2) Detfect CAD Filtering Processing

The defect CAD filtering processing at the step 120 shown
in FIG. 5§ will be described.

As already stated, when confirming that the defect infor-
mation (coordinate and size) on each defect detected by the
optical defect detecting apparatus 100 has been input at the
step 110 shown 1n FIG. §, the computer 400 causes the CAD
filter unit 411 to perform the defect CAD filtering processing
at the step 120.

FIG. 6 1s a flowchart showing a specific procedure of the
defect CAD filtering processing in the CAD filter unit 411.

When the procedure goes to the defect CAD filtering pro-
cessing, the CAD filter unit 411 reads the layout design data
(CAD data) from the pattern design database 501 at a step

121, and moves the procedure to a step 122.

At the step 122, the CAD filter unit 411 determines which

region on the semiconductor each inputted defect detected by
the optical defect detecting apparatus 100 belongs to by com-
paring the coordinate of each defect with the layout design
data, and adds the region data to each detfect.

FIG. 7 1s a conceptual view of the region data used 1n the
defect CAD filtering processing by the CAD filter unit 411.

FIG. 7 shows an example 1n which defects (marked out 1n
black) detected by the optical defect detecting apparatus 100
are present near portions in which functional regions of a
CPU (central processing unit) 61, an ALU (arnthmetic and
logic unit) 62, a CLK (clock) 63, and a RAM (random access
memory) 64 are laid out, respectively. Namely, at the step
122, the CAD filter unit 411 extracts layout design data
around the defects on the basis of the coordinate data on the
respective defects detected by the optical defect detecting
apparatus 100. Further, the CAD filter unit 411 determines
which functional region out of known functional regions
(functional regions 61 to 64 1n the example of FIG. 7) set at a
design phase, each of the defects 1s present 1n (or whether
cach defect does not belong to any of the regions), and adds
the region data to each defect.
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The procedure goes to a step 123, at which the CAD filter
unit 411 analyzes the positional relationship between each of
the defects classified according to the regions and the pattern,
and adds the analyzed positional relationship to the pattern
(contact, crossing, inclusion or the like) to the data on each
defect.

FI1G. 8 1s an exemplary diagram for explaining the analysis
of the positional relationship between each detected defect
and the pattern 1n the CAD filter unit 411.

It 1s assumed 1n FIG. 8 that the layout design data (CAD
data) of a defect present region X 1ndicated by a dotted line 1n
FIG. 7 1s displayed while being superimposed on the detected
defects. In the example of FIG. 8, a defect a has a positional
relationship to the pattern that the defect a overlaps with a
pattern A (which positional relationship will be referred to as
“contact”). A defect b has a positional relationship to the
pattern that the defect b 1s entirely superimposed on a pattern
B (which positional relationship will be referred to as “inclu-
sion”’). A defect ¢ has a positional relationship to the pattern
that the defect ¢ straddles a plurality of (two i1n FIG. 8)
patterns C1 and C2 (which positional relationship will be
referred to as “crossing”). The defects also include those,
such as a defect d, having a noncontact positional relationship
to the pattern. The CAD filter unit 411 analyzes the positional
relationship between each defect detected by the optical
defect detecting apparatus 100 and the pattern as shown 1n
FIG. 8 on the basis of the data on the coordinate and the size
of each defect, and adds type data on the positional relation-
ship to the pattern onto each defect.

The procedure goes to a step 124, at which the CAD filter
unit 411 filters each defect based on the region data classified
at the step 122 and the type data on the positional relationship
to the pattern classified at the step 123, and narrows down the
defects to a defect whose 1mage the SEM defect detecting
apparatus 200 1s to acquire. This narrowing-down processing
1s performed according to a predetermined procedure. For
example, the CAD filter unit 411 determines whether an
attribute of the region data added to each defect or that of the
type data on the positional relationship of each defect to the
pattern indicates a high necessity of inspection, based on both
the necessity of mspection set for every region data and the
necessity of inspection set for every type data on the posi-
tional relationship to the pattern. If the attribute of the added
region data or that of the type data on the positional relation-
ship to the pattern indicates a high necessity of inspection, the
CAD filter unit 411 determines the defect as a defect whose
SEM 1mage 1s to be acquired. Further, the CAD filter unit 411
excludes the other defects. Alternatively, the necessity of
inspection may be set by a combination of the region data and
the type data on the positional relationship to the pattern.

At a subsequent step 125, the CAD filter unit 411 stores
data on the coordinate and the size of the defect to which the
defects are narrowed down by the processing at the step 124
in the RAM 403 or the storage unit 404, thus finishing the
procedure of the defect CAD filtering processing. After the
end of the detect CAD filtering processing, the computer 400
moves the procedure to the step 130 (see FIG. 5) already

stated above.
(5-3) E

Extraction of Critical Path

A processing for extracting the critical path read out by the
computer 400 at the step 180 shown m FIG. 5 will be
described.

The processing for extracting the critical path 1s performed
separately from the tflow shown 1n FIG. 5. The critical path (to
be strict, the graphical data including the critical path)
extracted as aresult of the processing and stored 1n the critical
path database 505 1s read out by the computer 400 at the step

10

15

20

25

30

35

40

45

50

55

60

65

12

180 shown 1n FIG. § as already described. In the functional
block diagram of FIG. 4, the layout design database 501, the
circuit design database 502, the timing analyzer 412, the
critical path extractor 413, and the critical path database 505
are mainly involved with thJS critical path extracting process-
ing.

FIG. 9 15 a flowchart showing the critical path extracting
processing performed by the timing analyzer 412 and the
critical path extractor 413.

If the critical path on the circuit 1s to be extracted, the
computer 400 first causes the timing analyzer 412 to read out
the circuit design data (1.e., the circuit diagram and the net list
representing wiring connection mformation on the semicon-

ductor circuit based on the circuit diagram) from the circuit
design database 502 at a step 310.

The procedure goes to a step 320, at which the timing
analyzer 412 simulates a timing (or creates a timing chart)
based on the read circuit design data, analyzes the signal
transmission operation performed 1n a circuit on the design,
and extracts a portion 1 which severer accuracy 1s required
for the signal transmission operation than that in the other
portions, in terms of circuit, that 1s, a critical path. The infor-
mation of the net list on the critical path extracted by the
processing 1n the timing analyzer 412, and the like 1s tempo-
rarily stored in the RAM 403. At the same time, the informa-
tion may be stored in the storage device 404.

FIG. 10 1s a schematic diagram showing the critical path
(see a dotted line part) extracted by the analysis, on the circuit
diagram. A timing chart 1s shown below the circuit diagram.

The critical path extractor 413 reads the layout design data
(CAD data) from the pattern design database 501 at a step
330, compares the layout design data with the circuit design
data at a step 340 (performs LVS), and makes node informa-
tion correspond to the layout design data. In this manner, the
critical path extractor 413 1dentifies a position of the critical
path extracted by the timing analyzer 412 on the layout design
data (at a step 350), and analyzes which graphic on the pattern
layout corresponds to the critical path.

FIG. 11 1s a schematic diagram typically showing the 1den-
tified critical path (see symbol © parts) on the layout design
data.

The critical path extractor 413 moves the procedure to a
step 360, at which the critical path extractor 413 extracts the
graphical data on the critical path and stores the extracted
graphical data in the critical path database 505. In the embodi-
ment, the critical path extractor 413 finally extracts one
graphic including the critical path as a circuit performance
risky region and stores the extracted graphic in the critical
path database 505. One graphic including the critical path
means one closed graphic representing, for example, a wiring,
pattern or a contact hole.

(5-4) Extraction of OPC Risky Regions
A processing for extracting OPC risky regions read by the

computer 400 at the step 190 shown i FIG. 5 will be
described.

The processing for extracting the OPC risky regions 1s
performed separately from the flow shown i FIG. 5. The
OPC risky regions extracted as a result of the processing and
stored 1n the OPC risky region database 504 are read out by
the computer 400 at the step 190 shown 1n FIG. 5 as already
described. In the functional block diagram of FIG. 4, the OPC
model analyzer 503, the pattern design database 501, the OPC
simulator 414, and the OPC risky region database 504 are
mainly 1mvolved with this OPC risky region extracting pro-
cessing.
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FIG. 12 1s a flowchart showing the OPC risky region
extracting processing procedure performed by the OPC simu-
lator 414.

When the OPC risky regions are to be extracted, the com-
puter 400 first causes the OPC simulator 414 to read out an
OPC model (design data on a mask pattern that has been
subjected to the optical proximity correction) from the OPC
model database 503 at a step 410.

The procedure goes to a step 420, at which the OPC simu-
lator 414 performs a light intensity simulation on the shape of
the pattern formed on the wafer after exposure, based on the
read OPC model, the exposure device to be used, the exposure
condition (preset value) and the like. The OPC simulator 414
creates contours representing light intensities (see FIG. 13)
based on the simulation result, compares the contours with a
predetermined threshold value, thereby creating a profile line
of an 1mage transierred onto the wafer (a predicted shape of
the pattern) when exposure 1s performed using the OPC
model. The created predicted shape of the pattern 1s tempo-
rarily stored in the RAM 403. At the same time, the created
predicted shape of the pattern may be stored in the storage

unit 404.

FIG. 13 15 a diagram showing contours representing light
intensities used for extraction of the OPC risky regions.

The OPC simulator 414 reads the layout design data (CAD
data) from the pattern design database 301 at a step 430. The
procedure goes to a step 440, at which the OPC simulator 414
reads the simulation result (data on the predicted shape of the
pattern created at the step 420) from the RAM 403, and
compares the predicted shape of the pattern with the layout
design data by superimposing the predicted shape of the
pattern on the layout design data. At a step 450, the OPC
simulator 414 extracts regions 1n which the predicted shape of
the pattern greatly differs from the layout design data (e.g.,
regions 1n which a distance between the predicted shape and
the profile line of the design data 1s equal to or larger than the
predetermined threshold value) as the OPC risky regions.

FIG. 14 1s a schematic diagram showing an example of a
state of extracting OPC risky regions by superimposing the
predicted shape of the pattern upon the layout design data to
compare the two.

The OPC simulator 414 moves the procedure to a step 460,
at which the OPC simulator 414 transmits coordinate data on
the extracted OPC risky regions to the OPC risky region
database 504 and stores the coordinate data 1in the OPC risky
region database 504, thus finishing the procedure. Graphical
data on the pattern including the extracted OPC risky regions
(closed graphic) may be stored 1n the OPC risky region data-
base 504.

6. Functions and Advantages

(6-1) Advantage Derived from Pre-detection of Critical
Path

According to the embodiment, the critical path, for which
a sever accuracy 1s required for finishing of the pattern
because of the requirement of high signal transmission accu-
racy for circuit operation, 1s extracted based on the circuit
design data. The critical path 1s considered in the process of
deciding portions to be mspected by the SEM defect review
apparatus 300. This contributes to early detection of a new
defect that may cause a malfunction although no contaminant
adheres to the water and the water appears to be finished into
a shape closer to that of the design data, 1n the manufacturing
process.

For example, because of a crosstalk between parallel wir-
ings, a microfabricated integrated circuit 1s intluenced by
clectromagnetic induction, often resulting in degradation 1n
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signal quality. Furthermore, a wiring width (1.e., a wiring
resistance) causes signal delay and adversely influences sig-
nal quality, operation reliability and the like. In case of a
current highly microfabricated semiconductor circuit, 1t 1s
difficult to determine whether a defect resulting from such an
operational factor 1s a defect resulting from design or a defect
resulting from the manufacturing process such as the expo-
sure device and the exposure condition. It 1s increasingly
difficult to detect such a defect even by the OPC simulation.
It 1s estimated that this disadvantage becomes more conspicu-
ous with the higher integration of the semiconductor pro-
gressing 1n the future.

The 1dentification of to-be-inspected-portions 1n view of
the critical path according to the embodiment 1s a new param-
cter for management points in the semiconductor process.
Using the new parameter, there 1s every reason to expect that
a defect which 1s conventionally detected for the first time by
an operation test after manufacturing without being detected
in the manufacturing process, can be detected.

(6-2) Advantage Dertved from Narrowing Down of
Defects

For example, if to-be-mnspected portions detected by the
optical defect detection and those detected by the OPC simu-
lation are regarded as portions to be mspected by the SEM
review apparatus, the number of portions to be inspected,
naturally and considerably increases. In recent years, a detec-
tion rate of detecting fatal defects by the optical defect detec-
tion tends to be decreased with the higher integration of the
semiconductor. Due to this, if detection sensitivity 1s
improved so as to suppress a decrease 1n detection rate, then
noise increases, and the number of incorrect portions to be
ispected greatly increases. Moreover, out of the defects
detected by the optical defect detection, low fatality portions
can be filtered based on, for example, the comparison of the
portions with the layout design data on the pattern. However,
when portions to be mspected (fatal defects) are to be 1denti-
fied while relying on the pattern shape after exposure, high
accuracy in identification of the portions to be inspected 1s not
ensured.

According to the embodiment, by contrast, the defects
extracted by the optical defect detection are narrowed down to
extract fatal defects by the CAD filtering processing, and the
fatal defects are further narrowed down to portions corre-
sponding to the OPC risky regions. It 1s thereby possible to
emphatically inspect portions the degree of importance of
which 1s particularly high. Further, by separately inspecting
the graphic corresponding to both the critical path and the
OPC risky regions, a more appropriate mspection without
error can be performed.

Actually, the portions corresponding to both the fatal
defects and the OPC risky regions often overlap partly with
those corresponding to both the critical path and the OPC
risky regions. Due to this, even 1f the latter portions are added
to portions to be mspected, the number of portions to be
inspected does not excessively increase. It 1s eventually pos-
sible to extract minimum portions to be mspected having high
necessity of mspection. It 1s, therefore, possible to optimize
the portions to be inspected and improve measuring eifi-
ciency.

7. Modifications

The essential advantage of the present invention is that a
defect which is conventionally detected for the first time by an
operation test after manufacturing without being detected 1n
the manufacturing process, can be detected 1n the manufac-
turing phase by the extraction of the critical path. As long as
the essential advantage as described in (6-1) can be ensured,
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a combination of the condition that the portions to be
inspected correspond to the OPC risky regions and the con-
dition that the portions to be inspected correspond to the fatal
defects 1s not limited to that described 1n the embodiment of
the present invention when the SEM defect review apparatus
300 decides portions to be inspected.

Modifications of a method for causing the SEM defect
review apparatus 300 to identily to-be-inspected portions
using the critical path will now be described.

(7-1) First Modification

First, a method for simply 1dentifying the critical path as
the portion to be mspected by the SEM defect review appa-
ratus 300 may be adopted. In this case, the fatal defects and
the OPC risky regions are not always extracted. However, 11
an mspection 1s performed while greater importance 1s given
to the critical path separately from an inspection in view of the

fatal defects and the OPC risky regions, for example, the
method 1s particularly effective.

(7-2) Second Modification

In the embodiment described above, the portions to be
inspected are the graphics corresponding to both the critical
path and the OPC risky regions, plus the portions correspond-
ing to both the fatal defects and the OPC risky regions. Alter-
natively, only the former may be 1dentified as the portions to
be inspected. Namely, depending on the purpose of the
ispection, it 1s effective to identity the graphics correspond-
ing to both the critical path and the OPC risky regions as the

portions to be inspected by the SEM defect review apparatus
300.

(7-3) Third Modification

Moreover, not the graphics corresponding to both the criti-
cal path and the OPC risky regions but graphics both corre-
sponding to the critical path and including the fatal defects
may be 1dentified as the portions to be inspected. The fatal
defects may be subjected to the CAD filtering processing or
may not be subjected thereto. If such a method 1s used, it 1s
possible to simply extract to-be-inspected portions in view of
both the fatal defect portions of the pattern shape and the
operating risky regions. Alternatively, not the portions corre-
sponding to both the critical path and the OPC risky regions
but regions or graphics corresponding to either the critical
path or the OPC risky regions may be adopted as the portions
to be inspected.

(7-4) Fourth Modification

In the embodiment described above, the portions to be
inspected are the graphics corresponding to both the critical
path and the OPC risky regions, plus the portions correspond-
ing to both the fatal defects and the OPC risky regions. Alter-
natively, the graphics corresponding to the critical path, plus
the portions corresponding to both the fatal defects and the
OPC risky regions may be identified as the portions to be
ispected. The fatal defects may be subjected to the CAD
filtering processing 1n the extraction process or may not be
subjected thereto.

(7-5) Fitth Modification

The portion described in (7-1) or those described in (7-3),

plus the portions corresponding to both the fatal defects and
the OPC risky regions may be identified as the portions to be
inspected. The fatal defects may be subjected to the CAD
filtering processing 1n the extraction process or may not be
subjected thereto.

(7-6) Sixth Modification

A method for deciding portions corresponding to the criti-
cal path, including the OPC risky regions, and also corre-
sponding to the fatal defects as the portions to be mnspected by
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the SEM defect review apparatus 300 may be adopted. In this
case, the number of portions to be inspected can be decreased
to the minimum.

(7-7) Seventh Modification

A method for selectively deciding the to-be-inspected por-
tions described 1n any one of (7-1) to (7-3) and the portions
corresponding to both the fatal defects and the OPC risky
regions as the portions to be mspected by the SEM defect
review apparatus 300 may be adopted. The fatal defects may
be subjected to the CAD filtering processing in the extraction
process or may not be subjected thereto.

8. Others

The extraction of the fatal defects, the critical path, the
OPC risky regions and the like and the extraction of graphic
data of the extracted fatal defects, critical path, and OPC risky
regions are not necessarily functions that the computer 400 1s
to include. Alternatively, the system may be configured so
that the other calculating device can perform these process-
ings. Namely, the system may be configured so that a part of
or all of the CAD filter unit 411, the timing analyzer 412, the
critical path extractor, the OPC simulator 414, the defect
tatality analyzer 415, and the like are included 1n a calculating
device other than the computer 400. For example, the system
may be configured so that the control processors of the detect-
ing apparatuses 100, 200, and 300 execute these controls.

Moreover, 1n each example stated above, an example of use
of the information stored in the yield history database 507 1s
not particularly mentioned. However, 1f the SEM defect
review apparatus 300 1s to decide the portions to be inspected,
then previous yield histories of semiconductor patterns of the
same type may be read from the yield history database 507,
and portions overlapping with the pattern of previous defect
portions recorded 1n the yield histories may be preferentially
extracted as the portions to be mspected.

Furthermore, the instance in which the predicted shape of
the pattern by the simulation 1s compared with the layout
design data (CAD data) on the pattern, and in which the
portions where the distance between the predicted shape of
the pattern and the profile line of the layout design data 1s
equal to or larger than the threshold value are extracted as the
OPC risky regions has been described. Alternatively, besides
the configuration of selecting the OPC risky regions based on
the determination made by the calculating umt 410 (or the
OPC simulator 414), an operator may determine whether the
portions are OPC risky regions while looking at a screen on
which the predicted shape of the pattern and the layout design
data are displayed with the predicted shape of the pattern
superimposed on the layout design data. The same thing 1s
true for an mstance of extracting fatal defects by comparing
the defects extracted by the optical defect detection with the
layout design data.

What 1s claimed 1s:

1. A system for detecting a defect of a semiconductor 1n a
semiconductor manufacturing process, comprising;:

a circuit design data storage unit for storing circuit design
data;

a layout design data storage unit for storing layout design
data on a pattern;

a timing analyzer for reading the circuit design data from
the circuit design data storage unit, and extracting a
critical path on a circuit in which a high accuracy 1is
required for a signal transmission operation as compared
with other portions;

a critical path extractor for comparing the circuit design
data read from the circuit design data storage unit with
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the layout design data read from the layout design data
storage unit, and extracting graphical data including the
critical path extracted by the timing analyzer;

a critical path storage unit for storing the graphical data
including the critical path extracted by the critical path
extractor;

an mspection recipe creator for deciding a to-be-nspected
portion by a scanning electron microscope (SEM) defect
review apparatus for acquiring an 1mage of the defect on
a waler, based on coordinate information on the graphi-
cal data stored in the critical path storage unit and on
coordinate information of a defect and creating a recipe
based on the to-be-mnspected portion.

2. The system for detecting a defect according to claim 1,
turther comprising an OPC risky region storage unit for stor-
ing an OPC risky region extracted by comparing a predicted

pattern shape obtained by performing a light intensity simu-
lation based on an OPC mask pattern, with the layout design
data,

wherein the ispection recipe creator decides a portion
corresponding to both the graphical data including the
critical path and the OPC risky region as the portion to be
inspected, based on both information on the critical path
read from the critical path storage unit and information

on the OPC nisky region read from the OPC risky region
storage unit.

3. The system for detecting a defect according to claim 2,
turther comprising a fatal defect storage unit for storing infor-
mation on a fatal defect extracted by comparing a defect
image acquired by the SEM detect detecting apparatus with
the layout design data read from the layout design data stor-
age unit,

wherein the mspection recipe creator adds the fatal defect
read from the fatal defect storage unit to the portion to be
ispected.

4. The system for detecting a defect according to claim 3,

wherein the inspection recipe creator narrows down the
fatal defect added to the portion to be mspected to the
portion corresponding to the OPC risky region read from
the OPC risky region storage unait.

5. The system for detecting a defect according to claim 3,
turther comprising;:
an optical defect detecting apparatus for detecting a defect
on the wafer by an optical defect detection; and

a CAD filter unit for comparing the defect extracted by the
optical defect detecting apparatus with the layout design
data read from the layout design data storage unit, and
narrowing down positions to an 1image acquisition posi-
tion at which the SEM defect review apparatus acquires
the 1mage.

6. The system for detecting a defect according to claim 1,
turther comprising a fatal defect storage unit for storing infor-
mation on a fatal defect extracted by comparing a defect
image acquired by the SEM defect detecting apparatus with
the layout design data read from the layout design data stor-
age unit,

wherein the imspection recipe creator decides a portion
corresponding to both the graphical data including the
critical path and the fatal defect as the portion to be
ispected, based on both the information on the critical
path read from the critical path storage unit and the
information on the fatal defect read from the fatal defect
storage unit.
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7. The system for detecting a defect according to claim 6,
turther comprising an OPC risky region storage unit for stor-
ing an OPC risky region extracted by comparing a predicted
pattern shape obtained by performing a light intensity simu-
lation based on an OPC mask pattern, with the layout design
data,

wherein the 1nspection recipe creator adds a portion corre-
sponding to both the OPC risky region and the fatal
defect as the portion to be mspected, based on both the
information on the OPC risky region read from the OPC
risky region storage unit and the information on the fatal
defect read from the fatal defect storage unit.

8. The system for detecting a defect according to claim 1,

turther comprising:

a fatal defect storage unit for storing information on a fatal
defect extracted by comparing a defect image acquired
by the SEM defect detecting apparatus with the layout
design data read from the layout design data storage
unit; and

an OPC risky region storage unit for storing an OPC risky
region extracted by comparing a predicted pattern shape
obtained by performing a light intensity simulation

based on an OPC mask pattern, with the layout design
data,

wherein the inspection recipe creator extracts a portion
corresponding to both the OPC risky region and the fatal
defect as other portion to be inspected, based on both the
information on the OPC risky region read from the OPC
risky region storage unit and the information on the fatal
defect read from the fatal defect storage unit, and selects
a portion to be mspected to be reviewed by the SEM
defect review apparatus from both the portion to be
ispected, based on the coordinate information on the
graphical data stored in the critical path storage unit and
the other portion to be ispected.

9. The system for detecting a defect according to claim 1,
turther comprising:

a fatal defect storage unit for storing information on a fatal
defect extracted by comparing a defect image acquired
by the SEM detfect detecting apparatus with the layout
design data read from the layout design data storage
unit; and

an OPC risky region storage unit for storing an OPC risky
region extracted by comparing a predicted pattern shape
obtained by performing a light intensity simulation
based on an OPC mask pattern, with the layout design

data,

wherein the ispection recipe creator extracts a portion
corresponding to both the graphical data including the
critical path and the fatal defect as one portion to be
ispected, based on both the information on the critical
path read from the critical path storage unit and the
information on the fatal defect read from the fatal defect
storage unit, extracts a portion corresponding to both the
OPC risky region and the fatal defect as other portion to
be mnspected, based on both the information on the OPC
risky region read from the OPC risky region storage unit
and the information on the fatal defect read from the fatal
defect storage unit, and selects a portion to be mspected
to be reviewed by the SEM defect review apparatus from
the one portion to be mspected and the other portion to
be inspected.
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10. A method for detecting a defect of a semiconductor 1n storage unit, and extracting graphical data including the
a semiconductor manufacturing process, the method com- critical path extracted by the timing analyzer:;
prising storing, by a critical path storage unit, the graphical data
automatically storing layout design data on a pattern; including the critical path extracted by the critical path

d extractor:;
deciding, by an inspection recipe creator, a to-be-inspected

. R _ | | portion by a scanning electron microscope (SEM) defect
critical path on a circuit i which a high accuracy 1s review apparatus for acquiring an image of the detect on

required for a signal transmission operation as compared a wafer, based on coordinate information on the graphi-

with other portions; 10 cal data stored in the critical path storage unit and on
coordinate information of a defect; and
creating a recipe based on the to-be-inspected portion.

reading, by a timing analyzer, the circuit design data from
the circuit design data storage unit, and extracting a

comparing, by a critical path extractor, the circuit design
data read from the circuit design data storage unit with
the layout design data read from the layout design data I I
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